INTRODUCTION {#sec1-1}
============

Periodontitis is a chronic inflammatory disease initiated by predominantly gram-negative anaerobes\[[@ref1]\] that activate the immune and inflammatory system of the host, tissue destruction being the result of the host response in the process of bacterial evasion.\[[@ref2]\] However, the clinical picture of the disease varies highly\[[@ref3]\] between individuals, with variations observed in the susceptibility to the disease as well as in the pattern of disease progression.

Studies by Michalowicz *et al*.\[[@ref4][@ref5]\] have shown that a significant part of this inter-individual variation can be attributable to genetic factors. The search for candidate genes to determine gene polymorphism centered on the cytokine network due to their substantiated role in periodontitis. Proinflammatory cytokines like interleukin-1 (IL-1) and tumor necrosis factor-α (TNF-α) are key mediators of the inflammatory process and IL-1 has been studied extensively as it is a more potent inducer of bone resorption.\[[@ref6][@ref7]\] Increased levels of IL-1 have been found in both the gingival crevicular fluid\[[@ref6]\] and gingival tissues\[[@ref8][@ref9]\] of patients with adult periodontitis. Variation in cytokine levels between individuals has been well documented\[[@ref10]\] and may contribute to disease susceptibility. Such differences may be attributed in part to the polymorphic cytokine genes since particular alleles have been associated with increased cytokine levels.

The first study of cytokine gene polymorphism was reported by Kornman\[[@ref11]\] who found a significant association between severe adult periodontitis and composite genotype, namely, allele 2 of a single nucleotide polymorphism (SNP) of IL-1A+4845 and IL-1B+3954 located on chromosome 2q13. Following this, several studies have been conducted exploring the role of IL-1 gene polymorphism as a severity factor in periodontitis in various population and ethnic groups.\[[@ref12][@ref13]\] The purpose of the present study was to investigate the distribution of IL-1 gene polymorphism in the South Indian population and to correlate the association of composite genotype with severity of periodontitis.

MATERIALS AND METHODS {#sec1-2}
=====================

Sixty patients attending the Department of Periodontics of Tamil Nadu Government Dental College, Chennai, of above 35 years of age and either sex, were screened and selected. Subjects with history of smoking, pregnancy/lactation, diabetes, bleeding disorders, severely compromised immune function, immunosuppressive chemotherapy, requiring antibiotic prophylaxis for dental procedures, on nonsteroidal anti-inflammatory drug for the past 3 years or on antibiotics for the past 6 months were excluded. Selected subjects received a full mouth periodontal examination to assess the extent of plaque using plaque index,\[[@ref14]\] gingival inflammation using the gingival bleeding index,\[[@ref15]\] pocket probing depth, and clinical attachment level (CAL). Based on the average full mouth CAL, these subjects were categorized into four groups, each comprising 15 subjects, as follows:

Group A (healthy control): Subjects with healthy periodontiumGroup B (mild periodontitis): Subjects exhibiting no more than 1--2 mm of CALGroup C (moderate periodontitis): Subjects exhibiting 3--4 mm of CALGroup D (severe periodontitis): Subjects exhibiting ≥5 mm of CAL

The study protocol was presented and approved by the ethical committee in the institution.

Five milliliters of venous blood was drawn from the antecubital vein and transferred to a vacutainer containing ethylenediaminetetraacetic acid (EDTA; 3%) and stored at −20°C. Deoxyribonucleic acid (DNA) was extracted by phenol chloroform method and ethanol precipitation.\[[@ref16]\] The isolated genomic DNA was suspended in 500 μl of TE buffer and stored at −20°C till further genotyping. Genotyping was carried on for the locus IL-1A+4845 and IL-1B+3954 using polymerase chain reaction (PCR) and restriction fragment length product (RFLP) procedure.

PCR was carried out using a 20-μl reaction mix solution containing 0.2 μl of Taq polymerase (5 U/μl), 2 μl of KCl buffer, 1.6 μl of each primer \[[Table 1](#T1){ref-type="table"}\] (0.4 pM), 2 μl of MgCl~2~ (2.5 mM), 1.6 μl of dNTP (0.2 mM), and 2 μl of DNA on a thermocycler.

###### 

Primer sequences of interleukin-1 gene

![](JISP-16-174-g001)

IL-1A+4845: Cycling was carried as follows: 95°C for 3 min, 35 cycles of 94°C for 1 min, 54°C for 1 min, 72°C for 2 min, and finally one cycle of 72°C for 5 min. 10 μl of amplicon was digested with 1 μl of FNU4H1 enzyme (10 U/μl), yielding two fragments of 124 and 29 bp in subjects homozygous for allele 1 and one fragment of 153 bp in subjects homozygous for allele 2. All the three fragments were present in heterozygous individuals.76 bp served as the restriction site \[[Figure 1](#F1){ref-type="fig"}\].

![4% agarose gel electrophoresis of RFLP with ethidium bromide staining of IL-1+4845. Lanes 2, 3, 5: homozygous for allele 1 (124 bp); lanes 4, 6, 7: heterozygous for the allele 1 and 2 (124 bp and 153 bp). lane 8-100 bp ladder. Lane numbering proceds from right to left](JISP-16-174-g002){#F1}

IL-1B+3954: Cycling was performed as follows: 1 cycle 95°C for 3 min, 35 cycles each at 94°C for 1 min, 67.5°C for 1 min, 74°C for 1 min, and finally 1 cycle 72°C for 8 min. Digestion of 10 μl of amplicon with TaqI enzyme at 65°C yielded two fragments of 85+97 bp (allele 1) and a single 182 bp fragment (allele 2). All three fragments were present in heterozygous individuals. 12 bp served as the restriction control site \[[Figure 2](#F2){ref-type="fig"}\]. A subject was considered IL-1 genotype positive if at least one allele 2 was present; i.e., homozygous or heterozygous for the less common allele 2.

![4% agarose gel electrophoresis of RFLP with ethidium bromide staining of IL-1B+3954. Lanes 1--4: homozygous for allele 1 (85+97 bp); lane 6: homozygous for allele 2 (182 bp); lane 5: heterozygous condition (182 bp and 85+97 bp). Lane 7 100 bp ladder. Lane numbering proceeds from right to left](JISP-16-174-g003){#F2}

Statistical analysis {#sec2-1}
--------------------

Mean and standard deviation of the clinical parameters, namely, plaque index and gingival bleeding index, were estimated for each group. Mean values were compared by Analysis of Variance (ANOVA). Multiple range test by Turkey\'s Honestly Significant Difference (HSD) was employed to identify the significant groups. Chi-square test with Mantel--Haenszel test of linear association was used to determine the association between severity of periodontitis and IL-1 composite genotype. The mean value of plaque index and gingival bleeding index was calculated among genotype-positive and genotype-negative subjects and their significance was determined using Student\'s *t*-test

RESULTS {#sec1-3}
=======

The clinical parameters, plaque index, and gingival bleeding index were analyzed among the groups to determine their prediction for severe periodontal disease. The mean plaque score of moderate and severe periodontitis subjects (groups C and D, respectively) was significantly higher than that of the healthy and mild periodontitis subjects (groups A and B, respectively) as seen in [Table 2](#T2){ref-type="table"}, but there was no statistical significant difference between group A and group B or between group C and group D. [Table 2](#T2){ref-type="table"} also compares the mean of bleeding index among the different groups. There was a significant increase in the percentage of bleeding sites, progressively from group A (5.9±2.7) to group D (84.73±19.45) (*P*\<0.001).

###### 

Correlation of the clinical parameters among different groups

![](JISP-16-174-g004)

Sixty subjects were evaluated to study the distribution of IL-1 gene polymorphism. Eighteen subjects were positive for IL-1A+4845 genotype (28%), with a high frequency of positive subjects observed among the group D subjects and the least frequency observed among the healthy subjects. This difference achieved statistical significance at 5% level (χ^2^ =3.99, df=1). Similar trend was noticed for the allele 2 of IL-1B+3954 gene, with the frequency progressively increasing from group A through group B, C, to group D, which was significant at 5% level (χ^2^ =5.82, df=1). The combined presence of both the IL-1A and IL-1B alleles, i.e., composite genotype, was studied. The frequency was higher in group D (33.33%) when compared with group C (20%), group B (6.75%), and group A (6.7%). This difference brought out a significant correlation between the severe form of periodontitis and the presence of composite genotype (χ^2^ =4.62, df=1, odds ratio healthy vs. severe=7) \[[Table 3](#T3){ref-type="table"}\].

###### 

Distribution of genotype among different groups

![](JISP-16-174-g005)

Comparing the mean plaque score among composite genotype positive and negative subjects, it was found that there was no significant correlation (1.35 vs. 0.81) \[[Table 4](#T4){ref-type="table"}\]. This was in contrast to the significant association which was observed between the severity of disease and the amount of plaque \[[Table 2](#T2){ref-type="table"}\]. But the mean value of percentage of bleeding sites was significantly higher among the genotype-positive subjects (72.23) than the genotype-negative subjects (40.91) as seen in [Table 4](#T4){ref-type="table"}.

###### 

Clinical parameters of IL-1 composite genotypepositive and negative subjects

![](JISP-16-174-g006)

DISCUSSION {#sec1-4}
==========

The variability among individuals in the clinical response to the presence of bacterial plaque has been well recognized. No direct cause and effect process is associated with the development and progression of disease, but rather the effects of bacterial accumulation will be modulated by biologic, systemic environmental and behavioral factors. Among the biologic aspects, heredity certainly affects the response of the host. The finding that a specific genotype in the IL-1 gene cluster correlates with severe periodontitis suggests a genetic mechanism by which some individuals may have a more vigorous immuno-inflammatory response leading to more severe periodontitis. Several studies have shown variations in the distribution of composite genotype in association with periodontitis patients from different geographic areas and ethnic groups.\[[@ref11][@ref13][@ref17]--[@ref20]\] Studies examining ethnic population from Europe have reported consistently that approximately 30% of the individuals are genotype positive. Walker *et al*.\[[@ref18]\] reported a genotype-positive prevalence of 15% in an African American population. For a Chinese population,\[[@ref19]\] no significant association was found, with only a prevalence of 2.3%. Among the Indian population, where the prevalence of periodontitis is high, studies has shown conflicting results. A prevalence of 11.66% of composite genotype has been found in the Maharashtrian ethnic group, correlating with the severity of periodontitis.\[[@ref21]\] In a study evaluating the prevalence of only IL-1B polymorphism among the South Indian subjects, a higher percentage of genotype was observed among cases, but this observation did not reach statistical significance.\[[@ref22]\] These findings suggest possible racial variation and ethnic specificity. Till date, no study has been done to analyze both IL-1A and IL-1B polymorphism in the South Indian population. Hence, this study attempted to determine the prevalence of IL-1 gene polymorphism of the composite genotype and also aimed to ascertain the composite genotype as a susceptibility factor to the severe form of periodontitis.

Smoking by itself is a strong risk factor and its role in periodontitis has been well established.\[[@ref23][@ref24]\] In the presence of smoking as a risk factor, the predictive value of other variables becomes statistically insignificant.\[[@ref11]\] Hence, this study excluded smokers.

Composite genotype, as stated by Kornman *et al*.,\[[@ref11]\] refers to the presence of a specific polymorphism allele 2 at IL-1A-889 and IL-1B+3953 loci. Currently, genetic tests assess for the presence of at least one copy of allele 2 at IL-1A+4845 and at least one copy of allele 2 at IL-1B+3954. The IL-1A+4845 polymorphism is easier to identify than IL-1A-889 polymorphism and is concordant to it. In addition, IL-1B+3953 polymorphism has been renumbered and is now referred as IL-1B+3954.

Studies by Kornman *et al*.\[[@ref11]\] and McDevitt *et al*.\[[@ref13]\] have well documented the association of the composite genotype with the severe form of periodontitis. The findings of the present study are also in concurrence with the previous studies, establishing a positive correlation between composite genotype and periodontitis severity among South Indians. The underlying mechanism for this increased severity has been demonstrated by Pociot *et al*\[[@ref25]\], diGiovine *et al*.,\[[@ref26]\] who established that in response to the same bacterial challenge, genotype-positive individuals produce two to four times more IL-1. Engebretson\[[@ref27]\] *et al*. further established that levels of IL-1 in both gingival crevicular fluid and tissue are about 2.5 times higher in genotype-positive individuals. These findings substantiate that the presence of the polymorphism results in a greater production of IL-1 to a bacterial challenge, thus predisposing to a more severe form of the disease.

The percentage of genotype-positive cases among Caucasians was 29.1% in the study done by Kornman\[[@ref11]\] among non-smokers. The present study has yielded a percentage of 16.66%, the prevalence of which is lower when compared to the previous studies,\[[@ref11][@ref17][@ref20]\] but higher when compared to the prevalence of 11.66% observed among the Maharashtrian ethnic group. Further larger studies may be needed to corroborate these results.

The individual carriage rates of IL-1A and IL-1B genes have also been analyzed. A significant correlation was observed when the individual polymorphism was compared with the severity of periodontitis. Studies exploring this aspect have not yielded consistent results,\[[@ref11][@ref12][@ref22][@ref28]\] probably emphasizing the ethnic variation existing among different groups.

Genotype-positive patients had a higher bleeding index than the negative patients which may be attributed to the hyperresponsiveness of the individual to bacterial plaque, thus predisposing to a severe inflammatory state. Similar association has also been reported by former studies.\[[@ref21][@ref29]\] However, the mean plaque index in the study did not vary significantly between genotype-positive and -negative patients, suggesting that though genotype-positive patients may have a lesser mean plaque value, in the presence of the genotype, they are predisposed to a more severe form of the disease. This can be explained by the study done by Socransky and Haffajee\[[@ref30]\] who observed that mean counts of specific subgingival species were significantly higher among genotype-positive patients. Prominent among the species detected were *Tanerella forsythus, Treponema denticola, and Fusobacterium nucleatum*. Thus, the higher levels of red and orange complex rather than the higher quantity of plaque as measured by the plaque index were strongly associated with periodontal disease among the genotype-positive subjects.

In conclusion, the increased frequency of IL-1A+4845 allele 2 and IL-1B+3954 allele 2 genotypes observed in South Indian subjects with advanced chronic periodontitis when compared to that of early and moderate disease brings out a significant positive association between the composite genotype and severity of the disease in this particular population group. However, further studies with a larger sample size are needed to clearly validate these results.
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